Abstract: Chamaemelum fuscatum (Brot.) Vasc. is a south west Iberian chamomile that has been traditionally used as folk medicine in its natural distribution area but currently it is underestimated regarding its biological activities. For this reason, it is proposed in this paper to get insight into the scientific validation of the traditional knowledge of this plant with the aim of taking advantage of its anti-inflammatory, gastroprotective and antinociceptive activities, among others. To this aim, the chemical composition of the essential oil from the whole plant, the flowers and the green parts of this plant has been evaluated by gas chromatography-mass spectrometry (GC-MS). Plant materials were collected in Badajoz (Spain). A total of 61 components including monoterpenoids, sesquiterpenoids and aliphatic esters were identified. (E)-2-Methyl-2-butenyl methacrylate (27.57%-18.53%) and 2-methylallyl isobutyrate (9.79%-7.51%) were the most abundant compounds in the essential oils of flowers and of the whole plant, whereas α-curcumene, trans-pinocarveol, α-bergamotene and pinocarvone were the major terpenoids irrespective of the plant part considered. Certain compounds showing a relative high abundance as isobutyl methacrylate, isoamyl butyrate, α-bergamotene and pinocarvone were identified for the first time in this species. Finally, we have reviewed the bioactivity of several compounds to relate the ethnobotanical use of this plant in Spain with its volatile profile. This work is a preliminary contribution to reinforce the use to this Mediterranean endemic plant as a natural source of bioactives.
Introduction
Ethnobotanical studies often bring to light interesting uses to be further validated. This is the case of a little-known west Mediterranean chamomile, Chamaemelum fuscatum (Brot.) Vasc., Asteraceae, frequent in south west of the Iberian Peninsula, forming part of terophytic pastures on wet or temporarily flooded substrates, from 100 to 900 m [1, 2] . It is an annual and aromatic little daisy (2-7 cm) easy to identify by its involucral bracts and interfloral scales. It flowers from October to May but mainly in the late winter [1, 2] .
C. fuscatum has traditionally been used as a medicinal plant in Iberian rural areas. The flowers of the species are the most frequently used part [2] . Most of the verified uses of this species have been described for its natural distribution area that roughly coincides with the Luso-Extremadurean region (Table 1) . The medicinal applications of C. fuscatum for digestive pathologies, as antiseptic or anti-inflammatory remedy for external use were those traditionally in force [2] . However, and despite its multiple bioactivities, the current use of this species is less than that of other chamomiles. Its harvesting for marketing today is insignificant and it remains someway underestimated [2] .
Regarding the chemical composition of C. fuscatum, it started to be studied in the eighties at Salamanca University (Spain). De Pascual Teresa et al. [8] analyzed the hexane extract of the aerial parts of the plant, and first identified the methacrylic esters of 2-methyl-2-(E)-butenol, 2-hydroxy-2-methyl-3-butenol and 2-hydroxy-2-methyl-3-oxobutanol by spectral measurements and analysis of the corresponding standards. After that, these authors used spectroscopic methods and chemical transformations to elucidate the structures of different eudesmanolides in the chloroform extract of the aerial parts of this plant [9] , and two years later, they reported four new eudesmanolides in the same extract and a new aliphatic ester (2-methylene-3-oxobutyl methacrylate) in the essential oil isolated from flowers [10] . Since then, and as far as we know, no information has been published on the chemical profile of C. fuscatum. Therefore, it is proposed as the main objective of this work to undertake a detailed characterization by gas chromatography-mass spectrometry (GC-MS) of C. fuscatum essential oils, whose composition is still deeply unknown. Moreover, a comprehensive bibliographic review of the bioactivity of the compounds here determined has been done to relate the ethnobotanical use of this plant in Spain with its volatile profile. It is expected that getting insight into the scientific validation of the traditional use of this plant is a contribution to confer more value to C. fuscatum as a new source of bioactives and, therefore, it also contributes to guarantee its preservation.
Materials and Methods

Bibliographic Prospection
After an exhaustive review of the Spanish ethnobotanical literature following the methodology of the Spanish Inventory of Traditional Knowledge Concerning Biodiversity (IECTB) [11] , the traditional uses of this species in Spain was summarized in this paper. This information was complemented with a bibliographic review aimed to get insight into the chemical composition and pharmacological activities of this species. The following resources were accessed: Academic Search Complete, Agricola, Agris, Biosis, CAB Abstracts, Cochrane, Cybertesis, Dialnet, Directory of Open Access Journals, Embase, Espacenet, Google Academics, Google Patents, Medline, PubMed, Science Direct, Scopus, Teseo and Web of Science by the Institute for Scientific Information (ISI).
As for the systematic review of pharmacologically active components of C. fuscatum, the general procedures of Prisma 2009 Flow Diagram [12] were followed. Keywords selected as search terms were the compounds listed in Table 2 with a concentration higher than 1% and "activity" or "pharmacol*" or "biological activity". 
Isolation of C. fuscatum Essential Oil
The essential oils from the different parts (flowers (F), whole plant (WP) and green parts (GP), which includes a mixture of leaves and stems), of C. fuscatum were isolated by hydrodistillation with cohobation for 8 h, using a Clevenger modified apparatus, according to the method recommended in the Spanish Pharmacopeia. The oils were dried over anhydrous magnesium sulphate and stored at 4
• C in the dark until analysis. The extraction yield (%) was calculated as the amount of essential oil (in g) extracted by hydrodistillation from 100 g of dry plant.
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
GC-MS analyses were carried out on a 7890A gas chromatograph coupled to a 5975C quadrupole mass detector (both from Agilent Technologies, Palo Alto, CA, USA), using He at~1 mL min −1 as carrier gas. Injections were carried out in split mode (1:20) at 250 • C. Separations were performed using a Zebron 5% phenylmethyl silicone column (30 m × 0.25 mm, 0.25 µm film thickness) from Phenomenex (Madrid, Spain). Oven temperature program was raised from 70 • C (0.5 min) to 290 • C (30 min) at 6 • C min −1 . Mass spectra were recorded in electron impact (EI) mode at 70 eV, scanning the 35-450 m/z range. Interface and source temperature were set at 280 • C and 230 • C, respectively. Acquisition was done using HP ChemStation software (Agilent Technologies).
Qualitative analysis was based on the comparison of experimental mass spectra with data from the Wiley mass spectral library [13] and was confirmed, when possible, by using linear retention indices (I T ) [14, 15] . Semiquantitative data (percentage of total volatiles) were directly calculated from peak areas of total ion current (TIC) profiles. 
Results
Yield
C. fuscatum gave yellow essential oils with yields of 0.40%, 0.11% and 0.25% for flowers (F), green parts (GP) and whole plant (WP), respectively. The volatiles in the essential oils here analyzed (94.06% F, 71.42% S, 90.30% WP) were identified based on their mass spectra and chromatographic retention data. Table 2 lists these compounds according to their linear retention indices (I T ).
Chemical Composition of C. fuscatum Essential Oils
Aliphatic esters were the predominant class of compounds identified in the essential oils of flowers and the whole plant (50.46% and 34.33%, respectively), followed by sesquiterpenoids (23.77%-24.72%) and monoterpenoids (10.39%-14.97%). There was a noticeable absence of aliphatic esters in the green parts of this species, with (E)-2-methyl-2-butenyl methacrylate representing only 0.73% of the essential oil of green parts.
We have identified for the first time in this species new aliphatic esters with relative abundances higher than 1% and showing very similar structures to those of compounds previously reported in [8] [9] [10] . It is also worth noting that several new aliphatic esters with relative abundances higher than 1% and showing very similar structures to compounds previously reported in [8] [9] [10] were also identified for the first time in this paper (see Figure 1) . We have identified for the first time in this species new aliphatic esters with relative abundances higher than 1% and showing very similar structures to those of compounds previously reported in [8] [9] [10] . It is also worth noting that several new aliphatic esters with relative abundances higher than 1% and showing very similar structures to compounds previously reported in [8] [9] [10] were also identified for the first time in this paper (see Figure 1 ). A total of 42 terpenoids have also been identified in the essential oils of the aerial parts of C. fuscatum. α-Curcumene (9.21%), trans-pinocarveol (5.14%), α-bergamotene (5.08%) and pinocarvone (4.39%) represent a high percentage of the terpenoid fraction of the flower essential oil. Neryl isovalerate was detected in green parts in percentages higher than those found for F and WP essential oils (6.80% vs. 1.32% and 2.98%, respectively). Sesquiterpenoids were the major terpenoid class (24.42%) in the essential oil of green parts, with a noticeable contribution (45.62%) of other compounds mainly long chain fatty acids as hexadecanoic and octadecanoic acids.
Review of the Pharmacological Activities of C. fuscatum Essential Oil Compounds
Although most of essential oils isolated from C. fuscatum showed high relative contents of methacrylic and butyric esters, the medicinal value of this kind of compounds is still deeply unknown. (E)-2-methyl-2-butenyl methacrylate has been reported to have an intense odor [10] ; however, as far as we know, no information is available on its effects over animal or human physiology.
On the other hand, the main terpenoids with reported pharmacological activities present in the essential oils of C. fuscatum are summarized in Table 3 . Antinociceptive (α-curcumene, myrtenol), anti-inflammatory (α-curcumene, myrtenol, spathulenol, α-bisabolol, α-bergamotene), anxiolytic ((Z)-nerolidol), antimicrobial (trans-pinocarveol, α-pinene, γ-terpinene, δ-cadinene) and even anticarcinogen (spathulenol) compounds have been detected. A total of 42 terpenoids have also been identified in the essential oils of the aerial parts of C. fuscatum. α-Curcumene (9.21%), trans-pinocarveol (5.14%), α-bergamotene (5.08%) and pinocarvone (4.39%) represent a high percentage of the terpenoid fraction of the flower essential oil. Neryl isovalerate was detected in green parts in percentages higher than those found for F and WP essential oils (6.80% vs. 1.32% and 2.98%, respectively). Sesquiterpenoids were the major terpenoid class (24.42%) in the essential oil of green parts, with a noticeable contribution (45.62%) of other compounds mainly long chain fatty acids as hexadecanoic and octadecanoic acids.
On the other hand, the main terpenoids with reported pharmacological activities present in the essential oils of C. fuscatum are summarized in Table 3 . Antinociceptive (α-curcumene, myrtenol), anti-inflammatory (α-curcumene, myrtenol, spathulenol, α-bisabolol, α-bergamotene), anxiolytic ((Z)-nerolidol), antimicrobial (trans-pinocarveol, α-pinene, γ-terpinene, δ-cadinene) and even anticarcinogen (spathulenol) compounds have been detected. 
Discussion
The medicinal properties of chamomiles are usually attributed to their essential oil components. C. fuscatum mainly concentrates its essential oil in the flowers (0.40%), and in smaller proportions in green parts (0.11%). For this reason, flowers are the part of the plant generally used as folk medicine. As compared to other chamomile species, the yield of C. fuscatum flower essential oil (0.40%) was similar to that of other relative species. Roman chamomile (Chamaemelum nobile), its closest relative, has been described to usually yield around 0.70% of essential oil and a yield range between 1.90%-0.24% has been reported for German chamomile (Matricaria recutita) [38] .
As mentioned, aliphatic esters had been previously reported in C. fuscatum [8] [9] [10] and also in related chamomile species as Chamaemelum nobile and in several species of the Anthemis genus [39] . (E)-2-methyl-2-butenyl methacrylate had been described in the hexane extract of the aerial parts by De Pascual et al. [8] , together with other methacrylates (2-hydroxy-2-methyl-3-butenyl methacrylate and 2-hydroxy-2-methyl-3-oxobutyl methacrylate) that have not been detected here. 2-Methylene-3-oxobutyl methacrylate, a methacrylic ester previously isolated from the essential oil of C. fuscatum [10] was not found either in the essential oils here analyzed. However, we have identified in a relative high abundance (>1%) the esters isobutyl methacrylate and isoamyl butyrate, which had not been cited in previous literature of this species [8] [9] [10] . These differences could be attributed to the different extraction procedures with respect to [8] [9] [10] , but also to the different environments since the population here analyzed was collected in Badajoz (Spain) and the samples analyzed in the cited studies were from Cáceres (Spain).
The pharmacological activities of the methacrylic and butyric esters are still unknown. As these compounds are present in high proportions in the volatile fraction of common medicinal species such as chamomiles, investigation on this topic would be worthy of consideration. In addition, it would be interesting to investigate if the structural similitudes among these classes of compounds could support that they act over the same biological paths.
From the 42 terpenoids identified in the aerial parts of C. fuscatum, only α-curcumene, neryl isovalerate and trans-pinocarveol had been previously reported [8] [9] [10] . Moreover, several terpenoids with a relative high abundance such as pinocarvone and α-bergamotene have been identified for the first time in this species. Together with aliphatic esters, trans-pinocarveol and pinocarvone have been reported as major compounds of C. nobile essential oils [39] .
Despite its hydrophobic nature, terpenoids have also been detected in chamomile teas [40] and, therefore, they could play a role in the medicinal value of chamomile tea prepared from C. fuscatum flowers. In this work, we have summarized the reported pharmacological activities of several terpenoids that occur in the essential oils of this species. These activities could be related with the traditional uses of this species, which is also interesting in the context of validating its medicinal value. As an example, the presence of sesquiterpenoids with stomachic and gastroprotective activity such as α-curcumene, α-bisabolol and 1,8-cineole could support the fact that C. fuscatum has been traditionally used as digestive. In fact, α-bisabolol has been previously related to the digestive action of German chamomile [37] .
As previously mentioned, the composition of C. fuscatum essential oils showed similitudes with that of essential oils isolated from C. nobile. However, there are chemical differences between both species that could result in different physiological responses. Therefore, comparative studies regarding bioactivity must be carried out before C. fuscatum can be raised as an interesting alternative to this plant. In contrast, the volatile profile of essential oils here analyzed differs drastically from that of German chamomile, since this plant is especially rich in bisaboloids (> 50% according to [38] ), which are found in low relative contents in the essential oil obtained from C. fuscatum flowers. Nevertheless, the presence of α-bisabolol, one of the major constituents of German chamomile, in C. fuscatum essential oils here analyzed make worthy of investigation the role of this compound in the digestive action of both species.
Conclusions
In this work, a comprehensive evaluation regarding chemical composition and ethnobotanical use of a scarcely studied species, C. fuscatum, was carried out. In addition to a number of different monoterpenoids, sesquiterpenoids, etc., methacrylates and butyrates were determined as major components of the essential oils of this plant, being (E)-2-methyl-2-butenyl methacrylate the compound showing the highest percent content in both flower and whole plant essential oils. Moreover, several compounds with high relative abundances such as isobutyl methacrylate, isoamyl butyrate, α-bergamotene and pinocarvone were also identified for the first time in this plant. The published literature on the bioactivity of these compounds has been correlated with GC-MS data to support the popular knowledge and ethnobotanical use of this Mediterranean chamomile. Despite studies regarding the evaluation of the effect of different factors such as cultivation region, climate, extraction method, etc. will be further addressed, results of this preliminary study highlighted the potential of this plant as a natural source of bioactives of application in the pharmacological, cosmetic and food industries, among others. 
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